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Abstract 
Studies were conducted to evaluate the quality of hilsa fish during icing and 
freezing storage at -20°C by determining organoleptic and bacteriological 
aspects. The fishes stored in ice were organoleptically in acceptable condition 
2 
for 20 days. The bacterial load in muscles of 4 days ice stored fish was 2.5 x 1 0 
CFU/g which gradually increased up to 1.8 x 105 CFU/g after 20 days when the 
fishes were organoleptically in acceptable condition. The keeping qualities of 
different days of ice stored fishes were also evaluated during their subsequent 
frozen storage at -20°C. Both 4 and 7 days of ice stored fishes were 
organoleptically in acceptable condition up to 48 weeks but the highest degree 
of freshness was found for fish. stored in ice for 4 days before freezing at -20°C. 
The result indicates that the longer is the duration of ice storage before freezing, 
the shorter is the shelf life of the fish. The initial bacterial load prior to freezing of 
the 4 and 7 days of ice stored samples were 2.5 X 10 3 CFU/g and 3.8 X 104 
CFU/g, respectively which reduced to 2.21 x 10
2 
CFU/g and 2.38 x 10
2 
CFU/g, 
respectively at the end of the 24 weeks of frozen storage. However, after 40 
weeks the bacterial load in the frozen stored sample fell below the detection 
level. 
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Introduction 
Fish is an extremely perishable foodstuff and spoilage of fish begins as soon 
as fish dies but there are wide differences in the degree of deterioration in fish 
of different families, and even of the different species in a same family. Post-
mortem changes greatly influence the quality of fish depending on the storage 
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conditions. The changes include physical, biochemical and bacteriological. The 
physical changes are those which are perceived with the senses, i.e., 
appearance, odour, texture and taste and these changes are closely related to 
the freshness of a fish. 
It is well known that during post-mortem period bacteria present on the 
surface and in the guts multiply rapidly and gradually invade the flesh which 
provide nutrition for their growth and multiplication. The bacterial population in 
fish greatly influence the quality of fish and fishery products. There are some 
recommended limits of bacterial load by which the quality of fish'and fishery 
products has been judged under various storage conditions. Investigations on 
the changes in the bacterial flora in fish during ice storage could provide useful 
information on the spoilage patter of the fishes. 
One of the problems related to the increased utilization of tropical fish is the 
poor handling, storage and prevention facilities found in many developing 
countries like Bangladesh. Freezing is one of the means of preserving fish for 
longer periods and frozen fish have become an important commodity both for 
domestic and export markets in a number of countries of the world. In some 
cases, distribution costs for frozen fish may compare favourably with those for 
large scale distribution of iced fish. However, as with many other fields of fish 
technology, most of the published data on frozen fish is available from cold and 
temperate water species and little data is available on the relative frozen storage 
stability of tropical fish. Poulter (1978) found that textural changes in frozen 
Indian mackerel Rastrelliger brachysoma occurred rather more slowly than 
would be expected from data on cold water fish. It should be mentioned here 
that hilsa is the single largest fishery of the country and it has very good 
domestic and export markets. The fish are exported in the form of frozen state 
and therefore, scientific knowledge on the quality changes in fish during freezing 
and subsequent frozen storage will provide a basis for supplying foods of better 
quality 
The papers deals with the physical and bacteriological changes of hilsa fish 
during ice and frozen storage. 
Materials and methods 
Hilsha fish (mean body weight 750g) were caught by gill net from the river 
Meghna by the fishermen. The fish were kept in ice (fish to ice ratio 1 :1) in an 
insulated box immediately after catch on board of a vessel. The fishes were first 
transported to the Riverine Station of the Fisheries Research Institute, Chandpur 
for repacking and then finally to the laboratory of Fisheries Technology 
Department, Bangladesh Agricultural University, Mymensingh in iced condition 
in an insulated box. 
Twenty fishes were selected randomly and stored in ice in an insulated box 
in the ratio of 1 :1 (fish: ice). The box had a number of holes at the bottom to drain 
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out the melt water. Stowage in the box consisted of a bottom layer of ice, about 
5 em deep, layer of fish sprinkled with ice, and a final top layer of ice again about 
5 em deep.Fresh commercial block ice collected from the local market were 
crushed into small pieces and used in storage experiment. The required amount 
of ice was replenished from time to time. The samples were obtained at time 
interval (0, 4, 8, 12, 16, 20 and 21th day) to assess the quality of fish by 
organoleptic and microbial studies. 
To assess the changes in organoleptic qualities of different days of iced 
stored fish during frozen storage, thirty specimens of 4 days old ice-stored hilsa 
were frozen at -20°C in a lot and again 30 specimens of 7 days old ice stored 
hilsa were frozen in another lot. The shelf life of the fishes frozen in two lots 
were determined by the organoleptic and bacteriological studies. 
Organoleptic assessment 
Sensory methods were used for organoleptic evaluation. The guidelines and 
methods given here are based on the organoleptic characteristics of fish as 
described by EC freshness grade for fishery products (Howgate eta!. 1992) as 
shown in Table 1 and 2, respectively. 
Table 1. Determination of defect points 
Characteristics of 
whole fish 
i ) Odour of neck 
when broken 
ii) Odour of gills 
iii) Colour of gills 
iv) General 
a) 
b) 
a) 
b) 
c) 
d) 
a) 
b) 
c) 
d) 
a) 
b) 
c) 
d) 
Defect characteristics 
Natural odour 
Faint or sour odour 
Natural odour 
Faint sour odour 
Slight moderate sour odour 
Moderate to strong sour odour 
Slight pinkish red 
Pinkish red or brownish red, some 
mucus may be present 
Brown or gray colour covered with 
mucus 
Bleached; thick yellow slime 
Full bloom; bright; appearance 
shining; iridescent 
Slight dullness and loss of bloom 
Definite dullness and loss of bloom 
Reddish lateral line; dull; no bloom 
Defect Grade 
points 
2 Acceptable 
3 Reject 
1 Excellent 
2 Acceptable 
3 Acceptable 
5 Reject 
1 Excellent 
3 Acceptable 
3 Acceptable 
5 Reject 
1 Excellent 
2 Acceptable 
3 Acceptable 
5 Reject 
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v) Eyes a) Bulging with protruding lens Excellent 
transparent eye cap; 
b) Slight clouding of lens and sunken 3 Acceptable 
c) Dull, sunken, cloudy 3 Acceptable 
d) Sunken eye covered with yellow 5 
slime Reject 
vi) Slime a) Usually clear, transparent and Acceptable 
uniformly spread but occasionally may 
be slightly opaque or milky 
b) becoming turbid opaque and milky, 1 Acceptable 
with marked increase in amount of 
slime present i skin 
c) Thick, sticky, yellowish is he greenish 5 Reject 
in colour 
vii) Consistency of a) Firm and elastic Excellent 
flesh b) Moderately soft and some loss of Acceptable 
elasticity 
c) Some softening Acceptable 
d) Limp and floeeY Reject 
Table 2. Grading of fresh fish 
Grade 
A 
B 
c 
Bacteria/load 
Points 
<2 
2 to< 5 
5 
Degree of freshness 
Excellent I Acceptable 
Good I Acceptable/ 
Bad I Rejected 
Fish muscle were collected from the fish samples aseptically, weighed and 
finely chopped by a scissor on watch glass. Then the stock suspensions of the 
muscle were prepared separately by homogenizing 10 g of sample with 90 ml of 
physiological saline (0.85% NaCI) in a sterile blender jar giving a sample with 
1 :10 dilution. Total viable bacterial load expressed as colony forming units per 
gram of fish muse!~, gills or intestine (CFU/g) of the representative samples 
were determined by standard plate count on plate count agar (Hi Media) 
following consecutive decimal dilution technique. An amount of 0.1 ml of each 
desired diluted samples were pipetted out and transferred to agar plate and 
quickly spread on the agar surface by an L-shaped glass rod until the samples 
were dried out. The plates were incubated at 30°C for 48 h and plates having 30 
to 300 colonies were counted to estimate the standard plate count. 
104 
Postmortem changes in T. ilisha 
Results and discussion 
Organoleptic changes during ice and frozen storage 
Table 3 shows the changes in organoleptic qualities of hilsha fish during ice 
storage in an insulated box. The fishes were organoleptically in acceptable 
condition for 20 days. The pattern of changes in organoleptic quality can be 
roughly divided into 4 phases corresponding to periods of 0 to 4, 5 to 8, 9 to 12, 
13 to 20 days in ice. In the phase I the fishes were just passes the rigor-mortis 
and there was a very little change in texture. At this stage, the fishes were in 
excellent condition with natural flavour and odour. In phase II there was a slight 
decrease in brightness, natural flavour and odour. But in phase Ill there was 
considerable loss of characteristic odour and the flesh was neutral but had no 
off-flavour. In phase IV there was signs of early spoilage with sour off-odour. In 
the later part of this stage, the fish begins to taste stale, its appearance began to 
show obvious sign of spoilage and the gills and belly cavity had an unpleasant 
smell. In the previous study, the shelf life of the hilsa fish obtained from the 
landing centre at Chandpur was found 18 days in ice in an insulated container 
(Uddin 1995). However, the pattern of quality changes observed in the present 
study is almost similar to that reported for the cod fish storage in ice (FAO 
1975). 
Table 3. Changes in organoleptic qualities of Hilsa fish during ice storage in an insulated 
box 
Days of 
storage 
0 
4 
8 
12 
Organoleptic Defect Grade 
qualities points 
Fresh, bright appearance; soft and 1 .15 A 
firm texture with characteristics of 
fresh odour 
Fresh, bright,slightly softer Excellent 1 .37 
texture; natural fish odour 
A decrease in brightness; slight loss 2.14 
of natural flavour some slime on 
surface 
Considerable loss in brightness; 2.57 
Acceptable surface is covered with 
slime; softer in texture; some loss n 
natural flavour 
A 
B 
B 
Overall 
quality 
Excellent 
Excellent 
Acceptable 
Acceptable 
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16 
20 
21 
Slimy surface and soft texture; 2.72 
considerable loss of flavour and 
odour; reddish in lateral muscle 
Fish has dull appearance with blood 3.14 
and slime on surface; Acceptance 
texture begin to show obvious sign of 
spoilage. Gills and belly cavity had an 
unpleasant smell 
The fish is putrid by all of the 5.00 
characteristics 
B 
B 
c 
Acceptable 
In the limit 
of 
acceptance 
Reject 
Changes in organoleptic qualities of 4 and 7 days of ice stored hilsa during 
frozen storage at -20°C are shown in Fig.1. The pattern of changes in 
organoleptic quality can also be roughly divided into four phases corresponding 
to periods of 0 to 24, 25 to 40, 41 to 48 and 49 to 60 weeks in frozen storage. In 
the phase I the fishes were in excellent condition with natural odour and flavour. 
In phase II, a little changes in odour, flavour, texture and brightness were 
occurred. But still then, they were in good condition. In phase Ill there were 
considerable loss of characteristic odour and texture and the flesh was neutral 
but had no off-flavour. The fishes were in acceptable condition in this phase. In 
phase IV fishes lost their original quality. In the beginning of this phase 
considerable loss of odour and flavour occurred. In the later part of this stage, its 
appearance and texture already showed obvious signs of spoilage.Aithough in 
both conditions the fishes were organoleptically in acceptable condition up to 48 
weeks, yet with regard to the potential storage I ife of frozen fish, it can be said 
that the highest degree of freshness can be maintained up to 48 weeks for hilsa 
fish stored in ice for 4 days and subsequently frozen at -20°C. The results also 
showed that the longer is the duration of ice storage before freezing, the shorter 
is the keeping quality of the fish. This is in agreement with Partmann (1963) who 
suggests that the keeping quality of fish can be maintained for a longer period if 
the fish are frozen before resolution of rigor mortis. It would be noted that the 4 
days of ice stored fishes were frozen in-rigor state, while 7 days of iced fish 
were frozen after resolution of rigor. Kietzmann (1969) has reported that a 
storage temperature of -28 °C is most favourable for fish freezing. 
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Defect point 
3.6 
3 
2.5 
2 
1.6 
1 
0.5 
0 
0 8 16 24 32 40 48 
Storage period (Weeks) 
- 4 days of iced hilsa ~ 7 days of iced hilsa 
Fig. 1. Changes in organoleptic qualities of 4 and 7 days of ice-stored hilsa fish during 
0 
storage at 20 C. 
Bacteriological changes during ice and frozen storage 
Changes in bacterial load in ice stored hilsa fish are shown in Table 4. The 
bacterial load of the fish muscle was not determined during first 3 days after 
capture of the fish since the fishes were transported from the capture sites near 
Chandpur to Mymensingh in iced condition and it took two days to reach the 
samples where the actual experiment was started. Bacterial load in muscles of 4 
days ice stored fish was 2.5 x 10 2 CFU/g which increased gradually with the 
storage period. At the end of 20 days of ice storage bacterial load increased to 
1.8 X 105 CFU/g and at this stage the fishes were organoleptically in acceptable 
condition. 
Table 4. Standard plate count of ice-stored hilsa 
Days of storage 
4 
8 
12 
16 
20 
CFU/g of muscle 
2.5 X 102 
3 9.3 X 10 
4 1.7x10 
4 8.8 X 10 
5 1.8 X 10 
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The increasing number of bacteria in fish muscle during the latter stages of 
study period indicated the effective penetration of bacteria in fish muscles from 
intestine, gills and body surface. This period could be linked to a period of 
gradually accelerating phase associated with organoleptic changes in fish, 
typically by the loss of characteristics of fresh fish flavour. The continued 
increasing number in the latter stages could be explained by the the onset phase 
of exponential growth triggered by post-rigor autolysis of fish which probably 
provided excellent nutrition for the growth of bacteria. Joseph et a/. (1988) 
observed a similar increasing trend in bacterial population from 7.66 x 1 03 CFU/g 
to 6.51 x 105 CFU/g after 20 days of ice storage in muscle of ruhu fish (Labeo 
rohita). Shetty eta/. (1991) also observed a similar trend during storage of oil 
sardine in chilled sea water. 
Table 5. Changes in bacterial load of 4 days and 7 days of ice- stored Hilsa during 
freezing at -20°C 
Storage period 4 days iced hilsa CFU/g 7 days iced hilsa CFU/g 
of muscle of muscle 
Initial 2.5 X 10 3 3.8 X 10 4 
8 Weeks 3.5 X 10 2 3.8 X 10 2 
24 Weeks 2.2 X 10 2 2.4 X 10 2 
40 Weeks Below the detection level Below the detection level 
Table 5 showing the changes in the bacterial load of frozen stored (-20°C) 
hilsa fish which were stored in ice for 4 and 7 days prior to freezing. The initial 
bacterial load of the samples prior to freezing were 2.5 X 10 3 CFU/g and 3.8 X 
104 CFU/g b_ut after 8 weeks of frozen storage the bacterial load were 3.5 X 102 
CFU/g and 3.8 X 10 2 CFU/g in 4 days and 7 days ice stored fish samples 
respectively. After 24 weeks of frozen storage, the above bacterial load 
decreased to 2.21 x 10 2 CFU/g and 2.38 x 10 2 CFU/g respectively. However, 
after 40 weeks the bacterial load in the frozen stored sample fell below the 
detection level. This is to be mentioned that, in healthy live and freshly caught 
fish, the muscles are sterile, so bacterial contamination is found only on the 
outer and inner surfaces, gills and intestine of the fish. Formerly, it was often 
assumed that the bacteria invaded the muscle tissue by way of the vascular 
tissue or by penetrating the skin. However, histological examinations have 
shown that in the case of chilled fish only very few bacteria invade the muscle 
and only at a rather late stage. Microscopical examination of iced whole cod 
stored for 12-14 days showed that the fillet as such still contained a very limited 
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number of bacteria. In contrast, the bacteria actually penetrated the flesh via the 
collagen fibres when the fish were stored at higher temperatures (>+8 °C). 
(Shewan and Murray 1979). In the present study fish samples were ice-stored 
almost immediately after catch, therefore, it is expected that only a few bacteria 
could invade the muscle during the period of 7 days ice storage. Low initial count 
in the fish samples is the proof of above assumption . Joseph and Solanki (1985) 
examined the frozen storage characteristics of Elasmobranchs shark (Scoliodon 
laticaudus). They found the total bacterial count (TBC) of the fish sample 
registered sharp decrease during frozen storage. Garg and Stephan (1985) 
studied on the frozen storage condition of Raws (Eieutheronema tetradactylus ). 
They found that the total plate count decrease was significant after 4 weeks of 
frozen storage. 
Under the usual conditions of storage of frozen foods microbial growth is 
prevented entirely. During freezing the ice crystals rapture tissue cells or even 
microorganisms. The initial killing rate during freezing is rapid, but it is followed 
by a gradual reduction of microorganisms and is referred to as storage death. 
The number of viable organisms decreases with lengthened time of storage 
(Frazier and Westhoff 1990). The results of the present study showed the same 
phenomena the number of viable organisms in the frozen stored hilsa gradually 
decreased with the increase of storage time. 
Conclusions 
1 Hilsa fishes stored in ice in an insulated box immediately after capture were 
organoleptically in acceptable condition for 20 days compared to 18 days 
for fishes obtained from landing centre under similar storage conditions. 
2 The bacterial load in 4 days ice stored fish muscle was 2.5 x 102 CFU/g 
which increased gradually with the storage period. At the end of 20 days of 
ice storage bacterial load increased to 1.8 x 1 0 5 CFU/g and the fishes were 
organoleptically in acceptable condition. 
3 Regard to the potential storage life of frozen fish, it can be said that the 
highest degree of freshness can be maintained up to 48 weeks for hilsa fish 
stored in ice for 4 and 7 days and subsequently frozen at -20° C but it is 
clearly indicated that the longer is the duration of ice storage before 
freezing, the shorter is the shelf life of the fish. 
4 The bacterial loads of 4 days ice stored fishes were 2.5 x 103 and 3.'8 x 10 4 
CFU/g respectively which decreased drastically and fell below the detection 
level after 40 weeks of frozen storage. 
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